ABSTRACT Laser induced transverse photothermal deflection technique has been employed to determine the thermal parameters of InP doped with Sn, S and Fe as well as intrinsic InP. The thermal diffusivity values of these various samples are evaluated from the slope of the curve plotted between the phase of photothermal deflection signal and pump-probe offset. Analysis of the data shows that heat transport and hence the thermal diffusivity value, is greatly affected by the introduction of dopant. It is also seen that the direction of heat flow with respect to the plane of cleavage of semiconductor wafers influences the thermal diffusivity value. The results are explained in terms of dominating phonon assisted heat transfer mechanism in semiconductors.
Introduction
InP is a very important compound semiconductor, which finds wide applications in the realms of the electronic and optoelectronic industry, especially as a substrate material in optical fiber communication and in the fabrication of heterostructure lasers [1, 2] . The thermal properties of this material merit close scrutiny from a device fabrication point of view. The heat diffusion in such materials is essentially determined by thermal diffusivity value [3, 4] , the inverse of which is a measure of the time required to establish thermal equilibrium in the specimen in which a transient temperature change has occurred [5] . As the doping can alter the characteristics of these semiconductors, a detailed investigation of influence of doping on thermal diffusivity value is of great physical and practical significance. Moreover, the influence of cleavage plane on the thermal diffusivity value is also very important as it has profound applications in the growth of quantum wells and superlattices. A detailed investigation on the influence of doping and the plane of cleavage on the heat transport and hence on the thermal diffusivity in a nondestructive manner are of great significance, especially for the proper modeling of devices based on these semiconductors. In the recent years, thermal wave physics has been emerging as an effective research and analytical tool for the characterisation of thermal, transport and optical properties of matter in all its different forms [6] [7] [8] . The laser induced nondestructive and nonintrusive photothermal methods are widely used for the thermal characterisation of materials, particularly for the evaluation of the thermal diffusivity value [9, 10] . All the photothermal methods are based on the detection, by one means or other, of a transient temperature change that characterizes the thermal waves generated in the sample after illumination with a chopped optical radiation [11] . In spite of a variety of photothermal methods used for the characterisation of materials, the noncontact photothermal deflection (PTD) technique possesses some unique characteristics and advantages compared to other photothermal methods [5, 7, 12] . The PTD technique can be employed in various configurations depending on the nature of the specimen under investigation, such as the collinear photothermal deflection technique and transverse photothermal deflection technique or the socalled mirage technique [13] . The PTD technique is essentially based on the detection of the refractive index gradient associated with a temperature gradient induced within the specimen [14] .
In this paper, the thermal characterisation of intrinsic InP and InP doped with Sn, S and Fe is described. Among the various experimental approaches for evaluating the thermal diffusivity of semiconductors using PTD, the strategy that used in the present investigation is the measurement of the PTD signal as a function of pump-probe offset [7, 13] .
T h e o r y
A variety of detection configurations can be employed for the thermal and optical characterisation of material using the PTD technique [14, 15] . Amongst these, the skimming PTD technique is the simplest and the most popular approach for the thermal characterisation of materials. The details of this configuration are explained elsewhere [16] . In the skimming PTD configuration the specimen is irradiated with a chopped and focused laser radiation and the subsequent periodic nonradiative de-excitation of the specimen produces periodic thermal waves. These periodic thermal waves create refractive index variation in the coupling medium (usually a liquid with high dn/ dT value), which is in contact with 634 Applied Physics B -Lasers and Optics the specimen. A low power probe beam skimming through the sample surface is used to monitor this refractive index gradient. The nature of the refractive index gradient is essentially dependent on the parameters of the specimen under investigation. Thus the probe beam, which is passing through a spatially varying refractive index gradient, suffers deflection from its normal path and the measurement of this deflection allows the characterization of the thermal and optical parameters of the specimen under investigation [17, 18] .
For a Gaussian probe beam propagating through an inhomogenous medium, most of the parameters can be deduced from the analysis made by Mandelis and Royce [19] . The propagation of a guassian beam through a spatially varying refractive index is given by the expression
where r 0 is the perpendicular displacement of the beam from its original direction. n 0 is the uniform index of refraction and ∇ ⊥ n (r, t) is the gradient of index of refraction perpendicular to the ray path. (1) can be integrated over the ray path:
where s is the optical path length. Because the deviation is small, one can write the deflection Φ(t) as
where ∇ ⊥ T (r, t) is the temperature gradient perpendicular to the ray path. Deflection Φ(t) can be resolved into two components Φ n and Φ t , which are, respectively, the deflections normal and parallel to the sample surface. If the probe beam make a transverse offset y with respect to the pump beam axis and a vertical offset z with respect to the sample surface, then the temperature field distribution that is due to the pump beam absorption, obtained by the solution of the heat diffusion equations in the sample as well as in the coupling fluid, leads to the evaluation of Φ n and Φ t as
and
where A is a complex integration constant and δ is a spatial Fourier transformed variable and
where D 0 is the thermal diffusivity of the coupling liquid.
A linear relationship between the PTD signal phase as well as amplitude with various parameters such as pump-probe offset and height of the probe beam above the sample surface has already been reported [17] . For a = b = z = 0, where a, b, z are the pump beam spot size, probe beam spot size and the probe beam height above the sample surface, there is a linear relation between the phase of the PTD signal and the pumpprobe offset. This linear relation is found to be applicable in three different configurations of pump and probe:
1. probe beam skimming configuration with pump and probe on the same side of the sample, 2. probe beam skimming configuration with pump and probe on the different sides of the sample, 3. probe beam passing through the sample.
The first configuration is used for the present investigation. In this configuration, the slope of the plot connecting the phase of the PTD signal and pump-probe offset is given by
In practice the condition a = b = z = 0 cannot be achieved. However, for the specimens with moderately high thermal diffusivity value, (6) holds well for finite values of a, b and z [17, 18] . A schematic of probe skimming is given in Fig. 1 . where as InP doped with Fe has a doping concentration of 10 17 cm −3 . Measurements are done on the doped samples cleaved along (111) plane as well as (100) plane whereas the intrinsic sample is cleaved along (111) plane. All the samples have a thickness of ∼ 350 µm and are grown by epitaxial method.
